Background: Toll-like receptors (TLRs) are key factors in the innate immune system and initiate the inflammatory response to foreign pathogens such as bacteria, fungi and viruses. In the microenvironment of tumorigenesis, TLRs can promote inflammation and cell survival. Toll-like receptor 2/6 (TLR2/6) signaling in tumor cells is regarded as one of the mechanisms of chronic inflammation but it can also mediate tumor cell immune escape and tumor progression. However, the expression of TLR2 and its biological function in the development and progression of hepatocarcinoma have not been investigated. This study aimed to determine the expression of TLRs 1-10 in the established human hepatocellular carcinoma cell line BLE-7402, to investigate the biological effect of TLR2 on cell growth and survival.
Introduction
Hepatocellular carcinoma or liver cancer is considered to be a primary cancer originating from liver cells; it is one of the most devastating cancer form, especially in China. Currently, lacking of effective treatment lead for searching novel treatment strategy, such as gene therapies. Short interfering RNA, siRNA may be offered as an novel therapy once a good target is found. It is recently suggested TLRs are expressed in many human tumors [1] , Toll-like receptors (TLRs) are a highly conserved family of type I transmembrane receptors that recognize specific pathogenassociated molecular patterns (PAMPs), e.g. lipopolysaccharide, lipotechoic acid and other bacterial wall components [1, 2] , and it can also mediate tumor cell immune escape and tumor progression. Human TLRs have a cytoplasmic domain which is homologous to the cytoplasmic domain of the human interleukin (IL)-1 receptor [3] . To date, 11 mammalian TLRs have been identified and characterized.
Recently, new research has revealed that TLRs are expressed by many human tumors [2, 3, 4, 5, 6] ,including prostate cancer, lung cancer, breast cancer and hepatocellular carcinoma. Although the TLRs have different functions in different tumor cells, some results have indicated that TLR signaling can play a role in tumor growth and progression. For example, TLR2 signaling can promote lung cancer cell growth and resistance to apoptosis [7, 8] ; TLR3-dependent signaling can directly lead to apoptosis in human breast cancer [6] ; through their actions on metalloproteases and integrins, TLR2 and TLR9 can lead to increased invasiveness and metastasis [8, 9] ; TLR4 can mediate metastasis that actively advances tumor cell invasion, proliferation, and survival of prostate cancer cells [10] .
Toll-like receptor 2/6 (TLR2/6) signaling in tumor cells is of particular interest as it is regarded as one of the mechanisms of chronic inflammation but it can also mediate tumor cell immune escape and tumor progression. Additionally, TLR2 act as a potential antiviral mechanism in hepatitis B-infected hepatocyte cell lines [11] .
TLRs are expressed on a wide variety of tumor cells and are suspected to play important roles in the initiation and progression of cancer, however the expression of TLRs by hepatocarcinoma cells has not been examined in a systematic manner and little is known about TLR interaction with disease progression. In this study, we aimed to determine the expression of TLRs 1-10 in the established human hepatocellular carcinoma cell line BLE-7402. We additionally aimed to investigate the biological effect of TLR2 on cell growth and survival, and to assess its potential in the field of cancer therapy.
Materials and Methods
All experiments complied with the current laws of China.
Cell Line
The human hepatocellular carcinoma cell line BEL-7402 was purchased from the cell bank of the Chinese Academy of Sciences (Shanghai, China). BEL-7402 was grown without antibiotics in 5% CO 2 at 37uC in RPMI-1640 (Gibco, Invitrogen, Carlsbad, CA) containing 10% FBS.
Construction of siRNA-expressing Plasmids
Three small interfering oligonucleotides (A: 59-aactatccactggtgaaacaa-39, B: 59-aaacttgtcagtggccagaaa-39, C: 59-aaagtcttgattgattggcca-39) were designed based on the sequences of human TLR 1-10 (Table 1 ) and synthesized. RNAi plasmid vectors ( Figure S1 ) expressing siRNAs for TLR2 under the control of a human CMV promoter, were generated by inserting pairs of the annealed DNA oligonucleotides specific for TLR2 at the HindIII and BamHI sites sequentially into the pGenesil-1 plasmid (shTLR2, Table 2 ). A pGenesil-1-scrambled vector was used as a control.
Qualitative RT-PCR
TRIzol reagent (Invitrogen) was used to isolate total RNA according to the manufacturer's instructions. A 4 mg aliquot of total RNA was mixed with an oligo-dT primer and myeloblastosis virus (MLV) reverse transcriptase (Promega, Madison, WI). PCR primers for TLR 1-10, together with GAPDH as control, were designed as shown in Table 1 . The PCR conditions were as follows: 95uC for 5 min, followed by 30 cycles of 95uC for 1 min, 55uC for 1 min, and 72uC for 1 min. The final extension was at 72uC for 10 min. PCR products were analyzed on 1.5% (wt/vol) agarose gels containing 0. 5 mg/mL ethidium bromide and were visualized under UV light. Band density was analyzed and quantified using ImageQuant software (Molecular Dynamics, Sunnyvale, CA).
Real-time PCR
The reaction mixture contained 45 mL DEPC-H 2 O, 1.0 mL cDNA at a 1:100 dilution, 2.0 mL (10 mM) of each primer and freeze-dried powder according the manfacturer's instructions of the AccuPower GreenstarH qPCR premix. The procedure for PCR was as follows: 95uC for 5 min, followed by 40 cycles of 94uC for 30 sec, 55uC for 30 sec, 72uC for 30 sec. Fluorescence was measured after each extension step of 72uC for 30 sec (Eppendorf, Germany). At the end of the reaction, the melting curve of each sample was analyzed. BIONEER Exicycler TM analysis software (Bioneer Corp., Daejeon, Korea) was used to obtain the C t values. Relative expression of the target genes was determined by the 2 2DD CT method [12] .
Flow Cytometry Detection of TLR Protein Expression
A suspension of 2610 6 cultured BEL-7402 cells was prepared and permeabilized to detect TLR protein expression. The cells were collected and washed twice with 16PBS, then stained with 5 mL purified anti-human TLR2 antibody (Santa Cruz Biotechnology, Santa Cruz, CA) at 4uC for 1 h protected from light. After washing twice with 16PBS, the cells were collected by low speed centrifugation (1500 g, 10 min) and incubated with 2 mL PEconjugated goat anti-rabbit IgG mAb (Santa Cruz Biotechnology) at 4uC for 30 min in the dark, followed by two washes with 16PBS. Finally, the stained cells were suspended in 500 mL 16PBS, and analyzed by flow cytometry (FACScalibur; Becton Dickinson, Franklin Lakes, NJ) using BD CellQuest software. The negative control was processed in the same way but without the anti-TLR2 antibody. 
RNA Interference Assay
Cells were transfected with the GFP-expressing plasmid pGsil-1 (Genesil, Wuhan, China) containing siRNA directed against TLR2, as shown in Table 2 . The transfected cells were seeded at 2610 5 cells/well into 6-well dishes and cultured overnight until they reached 70% confluence. Transfections were performed using Lipofectamine TM 2000 reagent (Invitrogen) following the manufacturer's instructions. Four mg of plasmid DNA (sh-TLR2 RNAi(A), sh-TLR2 RNAi(B), sh-TLR2 RNAi(C), vector pGenesil-1 and scrambled siRNA) were used for transfection into cells respectively (SunShineclean TM Without-Endotoxin Plasmid Mini Extraction Kit, SunShineBio, China). Transfected cells were incubated for 72 h, then fluorescence was observed using a fluorescence microscope. At this time cells were also collected for FCM and immunofluorescence assay.
Immunofluorescence Analysis
BEL-7402 cells were transfected with various siRNA plasmids and cultured overnight, then fixed with alcohol for 30 min and blocked in 16PBS (pH 7.4) solution with 3% BSA. The anti-TLR2 antibody (sc-166900, Santa Cruz Biotechnology) was added at a 1:200 dilution and incubated overnight at 4uC in a humidified box. After washing, the fluorescent secondary antibody (sc-22766, Santa Cruz Biotechnology) was added at a 1:100 dilution and incubated for 2 h. The cells were then washed three times with 16PBS, and counter-stained with DAPI. Confocal microscopy was performed and fluorescence was analyzed using a fluorescence microscope (Leica DMI4000B, Buffalo Grove, IL).
Cell Proliferation Assay
The MTT assay (Sigma, St. Louis, MO) was used to evaluate cell proliferation after transfection. Cells were cultured in 96-well cell plates (1610 4 /well, 5 wells per condition) overnight, and cell transfections were performed according to the manufacturer's instructions. After 48 h, a sample of the transfected cells was collected as the 0 h sample, while the other cells continued in culture for 24 h, 48 h, and 72 h. At the end of each treatment period, MTT was added to the culture medium in each well at a concentration of 5 mg/mL (Sigma Chemical Co., St Louis, MO), and then incubated for 4 h at 37uC. The supernatant was then removed and cells were mixed with 100 mL/well dimethyl sulfoxide. The absorption was measured using an automatic microplate spectrophotometer (340st; Anthos Zenyth, Salzburg, Austria) at 490 nm.
Human Inflammatory Cytokine Assay
Supernatant was collected from transfected cells. IL-6 and IL-8 levels were detected using the human inflammatory cytokine kit (BD TM Cytometric Bead Array) according to the manufacturer's instructions.
Experiment of Mouse Model in vivo
Athymic male nude mice (Balb/c -nu/nu; 5-7 weeks of age) were divided in to five treatment groups with ten mice per treatment group. Animal handling and experimental procedures were approved by the Animal Experiments Committee of Nanjing Medical University. A suspension of BEL-7402 cells (1610 7 ) in 500 ml of PBS was injected into subcutaneous of abodomen. This cell concentration was necessary to achieve consistent local tumor growth within 10 days of implantation. At days 10 and 15 postimplantation, the tumors were injected respectively with plasmid DNA (sh-TLR2 RNAi(A), sh-TLR2 RNAi(B), sh-TLR2 RNAi(C)
Statistical Analysis
Data shown are from at least three separate experiments and are represented as the means 6 standard deviation (SD). Student's t-test and ANOVA were used to determine significance, and differences were considered significant at a P value of less than 0.05.
Results

Expression of TLRs in the BEL-7402 Cell Line
Semi-quantitative RT-PCR analysis revealed that mRNA for TLRs (TLR 2-10) is expressed in BEL-7402 cells ( Figure 1A ), while TLR1,7 mRNA expression was barely detectable. Further analysis by real-time PCR showed that TLR7 is expressed at the lowest level. We therefore chose to refer all other TLR mRNA levels relative to the level of TLR7 mRNA. TLR2 and TLR4 showed the highest expression levels, which may indicate they have some function in BEL-7402 cell growth and progression ( Figure 1B) .
TLR protein expression levels were determined by flow cytometry (FCM). TLR2 was expressed at highest levels of TLR1-10, the other TLRs were all expressed at moderate levels expressed or weakly ( Figure 1C ). Taken together, our results demonstrate that BEL-7402 cells in culture express TLR2-TLR10, with TLR2 being the most highly expressed. This result encouraged us to further investigate the function of TLR2 on the growth and progression of BEL-7402 cells.
Efficient Knockdown of TLR2 Expression in the BEL-7402 Cell Line by Three siRNAs
To further investigate the potential function of TLR2 in hepatocarcinoma, we used small hairpin RNAs to knockdown endogenous TLR2 gene expression [Gene ID: 10333]. Plasmid vectors were constructed to express three different siRNAs, sh-TLR2 RNAi(A), sh-TLR2 RNAi(B), sh-TLR2 RNAi(C). All three experimental siRNA vectors were transfected into BEL-7402 cells respectively, with scrambled siRNA vector and the empty vector as controls. After 48 h, the average transfection efficiency was about 70% as estimated by green fluorescence positive cells under the florescence microscope. All three experimental siRNAs effectively reduced TLR2 mRNA expression in transfected cells ( Figure 2I ). TLR2 mRNA levels were 29.85% 69.2%, 50.7566.7% and 31.3468.3% of the empty vector control with sh-TLR2 RNAi(A), sh-TLR2 RNAi(B) and sh-TLR2 RNAi(C) respectively, a statistically significant decrease in expression compared to the empty vector control cells (P,0.05) ( Figure 2II ). No statistically significant decrease in expression was seen in cells transfected with the scrambled siRNA (P.0.05). TLR2 protein expression was reduced by all three siRNAs with levels of 33.0% 63.0% (sh- TLR2 RNAi(A)), 57.9% 64.7% (sh-TLR2 RNAi(B)) and 43.7% 64.5% (sh-TLR2 RNAi(C)) of the empty vector control ( Figure 2III ). No significant difference in TLR2 protein expression was seen in the scrambled siRNA control (P.0.05). These data indicate that sh-TLR2 RNAi(B) is the most efficient recombinant plasmid in silencing TLR2. We therefore selected to use only sh-TLR2 RNAi(B) in further experimentation. TLR2 protein expression in BEL-7402 cells was further assayed by immunostaining with an anti-TLR2 antibody and visualized under a fluorescence microscope. Positive staining was dramatically reduced by sh-TLR2 RNAi(B) compared to the empty vector control (Fig. 3IV) . No significant difference was seen in the staining levels of scrambled siRNA control compared to the empty vector control (Fig. 3IV) .
Thus, we have demonstrated specific siRNA-directed knockdown of the TLR2 gene in the human hepatocellular carcinoma cell line BEL-7402, and shown that sh-TLR2 RNAi(B) was the most efficient recombinant plasmid in silencing TLR2. 
Proliferation of the Transfected BEL-7402 Cell Line Following TLR2 Gene Knock Down
Down-regulation of TLR2 by siRNA Blocks its Downstream Signaling in BEL-7402 Cells
The biological changes caused by TLR2 down-regulation may be due to alteration of TLR2-mediated downstream signaling leading to changes in subsequent functions.
TLR2 may play a role in TLR2/MyD88 signaling and subsequent downstream functions [17] , and we presume that cytokines secretion is an outcome of TLR2 signaling. Therefore, we designed a protocol to examine the level of inflammatory cytokines in BEL-7402 cells following TLR2 gene knockdown. BEL-7402 cells were transfected with sh-TLR2 RNAi(B). After 72 h supernatant was removed and the levels of IL-6 and IL-8 determined by cytometric bead assay. IL-6 and IL-8 levels were found to be markedly depressed. IL-6 was reduced by 50.262.6% and IL-8 by 49.763.5% when compared with empty vector controls (P,0.05); no significant difference was seen in siRNAtransfected controls ( Figure 3II and Figure 3III ).
TLR2 Gene by siRNA Inhibits Tumorigenesis in Nude Mice
By having established the significant effects of TLR2 knockdown by RNAi in BEL-7402 cells in vitro, we wonder whether TLR2 RNAi would also suppress the tumorigenicity of BEL-7402 tumors in nude mice. On days 7 and 14 post-implantation, the tumors were injected with plasmid DNA expressing TLR2 siRNA. The gross morphology of primary tumors were examined. Tumors were measured and a drastic reduction in tumor volume was observed in mice treated with sh-TLR2 RNAi(B) ( Figure 3V -VI ii).
Discussion
Toll-like receptors (TLRs) are a conserved family of receptors that sense the presence of pathogens by recognizing PAMPs [13, 14] . In addition they are also involved in regulating inflammation [15] , a role which has been suggested to be at least partially dependent on the ability of TLRs to recognize several endogenous TLR ligands known as damage-associated molecular patterns (DAMPs). Recently, many studies on TLRs and their potential role in cancer research and therapy have been reported. Yang et al [16] investigated the potential roles of TLR2 signaling on tumor metastasis in a mouse model of intravenously injected B16 melanoma cells. The result demonstrate that TLR2 is an attractive target against metastasis, anti-TLR2 antibody could be used to combate the life-threatening metastasis.Thompson et al [11] showed that hepatoma cell lines express functional TLR2 receptors, which, when stimulated, initiate a signaling cascade that inhibits hepatitis B virus. Xu et al [17] detected peripheral blood mononuclear cells from HBV infected patients showed decreased levels of TLR7 expression and TLR9 mRNA, but an increase in TLR9 expression at the protein level.
From these studies, we know that TLR2, TLR7 and TLR9 play key roles in liver diseases and TLR2 has an potential function in the regulation of tumor tolerance, cancer progression and metastasis [13] . Orihara et al [18] have revealed that TLR2 and/or TLR4 on circulating monocytes are significantly upregulated in bacterial infection. TLR2 expression levels on monocytes has been shown to provide critical information when planning treatment against bacterial infectious diseases [18] and filarial diseases [19] , ovarian cancer [20] , liver diseases [21] , and bacterial infectious disease [22, 23, 24, 25] . However, the growth, proliferation and metastasis of hepatocellular carcinoma are complicated and dynamic processes. Each process is likely to be associated with the actions (and interplay) of several TLRs [26] . In the light of this, we decided to explore the expression of other TLRs in hepatocellular carcinoma and investigate whether these could affect the growth, progression and survival of liver cancer. Our experiments demonstrate that TLR 2-10 are expressed in BEL-7402 cells at both the mRNA and protein levels. We have shown, by real-time PCR analysis and flow cytometry, that TLR2 is the most highly expressed of the TLRs.
There is emerging evidence that many different cell types in the liver express TLR2 [27] . such as Kupffer cells, hepatocytes and biliary epithelial cells. TLR-mediated signals result in hepatitis B, hepatitis C, alcoholic liver disease, non-alcoholic liver diseases, primary biliary cirrhosis, primary sclerosing cholangitis, hepatic fibrosis, ischemic-reperfusion injury and liver allograft rejection [27] . Huang et al. showed that Listeria monocytogenes activated mitogen-activated protein kinases and nuclear factor-kB in tumor cells through TLR2 signaling, resulting in the increased production of nitric oxide and interleukin-6 and increased proliferation of tumor cells [7] . Kim et al. showed that Lewis lung carcinoma (LLC) was the most powerful macrophage activator leading to production of interleukin-6 and tumor-necrosis factor-a through activation of the Toll-like receptor (TLR) family members TLR2 and TLR6 [9] and their results explained how advanced cancer cells change the host innate immune system and thus generate an inflammatory microenvironment. Huang et al. showed that the microenvironment of large tumors favors bacterial survival, which in turn directly accelerates tumor growth by activating tumor cell Toll-like receptor 2 [7] .
Proinflammatory factors such as nitric oxide, IL-6 and IL-12 were shown to be released from tumor cells in previous studies [10] . Both IL-6 and IL-12 are known to help tumor cells resist cytotoxic T lymphocytes and natural killer cells, leading to evasion from immune surveillance [10] . In our study, TLR2 was selected to explore the function of TLRs in the growth of BEL-7402 cells. Our study confirms the importance of TLR2-mediated tumor proliferation, analysis of inflammatory cytokines demonstrated depressed production of TLR2 expression after TLR2 knockdown, and showed that the ability of BEL-7402 cells to resist immune cell attack and facilitate evasion from immune surveillance could be decreased. This suggests that all of the phenotypic changes observed in these cells were mediated by suppressing the action of TLR2.
The mouse mode of cancer was also investigated, and the volume of tumor from siRNA treatment was shown. By having established the significant effects of TLR2 knockdown by RNAi in BEL-7402 cells in vitro, we wonder whether TLR2 RNAi would also suppress the tumorigenicity of BEL-7402 tumors in nude mice. On days 10 and 15 post-implantation, the tumors were injected with expressing plasmid DNA sh-TLR2 RNAi. The gross morphology of primary tumors were examined. A drastic reduction in tumor volume was observed in mice treated with sh-TLR2 RNAi(B).
The results presented in this paper provide evidence that TLR2 knockdown not only in vitro but in vivo could inhibit the growth of liver tumors. TLR2-mediated cancer growth appears to be an important factor in tumor progression. The use of systemically delivered TLR2 siRNA may thus provide a novel treatment for the prevention of cancer progression leading to better prospects of survival. 
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